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Recently, NASA formally completed the Polymer Energy Rechargeable System (PERS) 
Program, which was established in 2000 in collaboration with the Air Force Research 
Laboratory (AFRL) to support the development of polymer-based, lifhium-based cell 
chemistries and battery technologies to address the next generation of aerospace 
applications and mission needs. The goal of this program was to ultimately develop an 
advanced, space-qualified battery technology, which embodied a solid polymer 
electrolyte (SPE) and complementary components, with improved performance 
characteristics that would address future aerospace battery requirements. 

Programmatically, the PERS initiative exploited both interagency collaborations to 
address common technology and engineering issues and the active participation of 
academia and private industry. The initial program phases focused on R&D activities to 
address the critical technical issues and challenges at the cell level. A variety of cell and 
polymeric electrolyte concepts were pursued as part of the development efforts 
undertaken at numerous governmental, industrial and academic laboratories. 

Numerous candidate electrolyte materials were developed, synthesized and optimized 
for evaluation. Utilizing the component screening facility and the “standardized" test 
procedures developed at the NASA Glenn Research Center, electrochemical screening 
and performance evaluations of promising candidate materials were completed. 

This overview summarizes test results for a variety of candidate electrolyte materials that 
were developed under the PERS Program. Electrolyte properties are contrasted and 
compared to the original project goals, and the strengths and weaknesses of the 
electrolyte chemistries are discussed. Limited cycling data for full-cells using lithium metal 
and vanadium oxide electrodes are also presented. Based on measured electrolyte 
properties, the projected performance characteristics and temperature limitations of 
batteries utilizing the advanced electrolytes and components have been estimated. 
Limitations for the achievement of practical performance levels are also discussed, as 
well as needs for future research and development. 



Assessment of Lithium-based Battery Electrolytes 
Developed under the NASA PERS Program 
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Program Background 

DoD/NASA collaborative effort was formed in 1997 to 
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Objective 
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PERS Program Participants 
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Goals for Electrolyte Development 
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Ionic Conductivity 
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The best dry SPE (optimized for conductivity) = 5-1 O' 5 S/cm at 25°C 
lonomers not provided in sufficient quantity for supplemental testing 


Transport Properties for Dry SPE 
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Electrochemical Stability Window 
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Full Cell Testing with Vanadium Oxide 
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Full Cell Impedance 
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Full Cell Data 
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Battery Energy Estimation 
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Comparison of 30 Ah Prismatic Cells 
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Lower cell voltage is offset by low component weight. 
Specific energy is 1 .5-times greater at the cell level. 


Thermal Model of PERS Battery 
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Comparison of 28-Volt Batteries 
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Insulation reduces energy density 


Cell Electrode Area and Parasitic Weight 
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Electrode-Area Effect in 30-Ah Cel 
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Assessment of Lithium-based Battery Electrolytes 
Developed under the NASA PERS Program 


t/j 

S 

o 

s 

ox 

nS 

CJ 

£ 

O 

s 

-si 

CD 

< 


O 

Pi 

< 

GO 

< 

£ 

40 

'O 

CD 

'O 

• i-H 

> 

O 

S-h 

Oh 

H— > 

s-h 

O 

Oh 

& 

3 cn 
£ <D 

CD 'o 
43 O 
^ CD 
CD 00 


^H 

00 


5 — i 

o 

£ 40 


S-H 

o 

43 

H— > 

o 

Pi 


o 

o 


^H 

CD £ 
43 -5 


Pi 

H— ' 

o 

CD 

a 

Pi 

T 3 

S 43 


cn 
h— > 

S3 

ci 

Oh 

O 

t: 

pS 

Oh 

a 

pS 

^H 

00 


cS 

'O 

O 

pS 

£ 

CD 

o 

<+H 

o 


o 


CD 

S-H 

a 

pS 

5 — i 
CD 


43 43 

a ° 

s s 

£ o 
=0 « 

S3 ° 

• 3 V3 


'O 

CD 


'O 

o 

p 3 


CD 

43 

H— > 

m 

m 

(D 

TO 

'O 

pi 


00 

jo 

'o 

o 


-HJJ 

TO 

CD 

£ 

o 

a 

H— > 
0 
CD 

f-H 

^H 

Ph 

GO 

Pin 

3 

m 

(D 

S-H 

in 

H— > 

S3 > 
• Oh CD 

Pi ci 

a o 

o £ 

M 

o 

Pi 

a 

a 

CD 

> 

W 

Oh 

< 

O 

pi 

Oh 

O 

'O § 

o a 

33 (D 
40 13 


O 

GO 

tj 

o a 

33 

00 

< 

H 

cd 

Oh 3 

a 

CD 

00 

0 

£ 

Oh 

CD 

« a 

a +3 

H— 1 

pi 

• t-H 
H— > 

a 

43 

4— » 

cn 

O , 


Ho <1 


4 h H 

o .a 

m a> 

K op 
o 'O 
H O 

(D > 

o o 

H .§ 


m 
CD 

43 „ 

£ H 
o ° 

S a 

£ 2 

pi ^ 

P 3 c+h 
S3 O 
=0 

oo .13 
Pi 33 
cd ’3 
TO 

• — i C 3 


S-h 

3 


CD 

a 

hH 

,o 


S-H 

o 

00 

o 

• i-H 
00 
o 

CD 


r 3 T* 

a 

<D ^3 

Oh PS 

O 43 
43 o 



Glenn Research Center at Lewis Field 


